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Studies of Sickle Cell Anemia*
I. The Transport of Phosphorus Across the Red Cell Envelope 
As Measured With Radiophosphorus (P32)
G l a d y s  P. L a b a t , M.S., T h o m a s  G .  S h e l t o n , M.D., 
C o n n i e  S t a n l e y , M.S. a n d  H e r m a n  B r a n s o n , Ph .D.
Biophysics Laboratory, Department of Physics, Howard University 
Washington, D. C.
IN  the eight years since the appearance of the pioneer study by Pauling and his associates1 
on sickle cell anemia in which it was described as 
''a molecular disease,” a truly impressive number 
of researchers have reported on what we may 
summarize as the physico-chemical properties of 
the blood of sickle cell anemia patients. It cannot 
be concluded, however, that these studies have 
exhausted the possibilities for investigation. The 
physical and chemical information that one might 
deem procurable from the blood of sickle cell 
patients may be conveniently summarized in Table 
1. Although much of this information does not 
exist, the table cannot claim to be exhaustive.
The data from several areas are offered at 
present for the most reasonable physical factors 
responsible for the sickling of the red blood cells. 
One group offers the crystallization of the hemo­
globin within the cell as the causitive factor. An­
other believes that the hemoglobin does not crys­
tallize but undergoes gelation and forms tactoids. 
A third position is that the hemoglobins and 
lipids near the surface of the cell undergo pre­
cipitation which twists the cells into the observed 
cresent and sickled shapes. The bulk of evidence 
seems to favor the second position inasmuch as 
x-ray studies of sickled cells and studies of the 
thermal properties of specific heat and heat of 
compression do not favor crystallization. This evi­
dence is in favor of the gelation process as the 
cause of sickling. The third position is relatively 
recent and has not had time for critical exam­
ination.2
In this first of three short papers we shall report
*  A s part of a research program with radioactive and stable 
isotopes in the biophysics laboratory of the department of 
physics at Howard University, investigations o f some 
properties o f blood in normal and sickle cell anemia 
patients have been undertaken. Some results on these prob­
lems are reported in this series of three papers. We are 
deeply grateful to P rofessor Roland B . Scott, Head, D e­
partment o f Pediatrics, for many blood samples and for 
helpful discussions and to Dr. W illiam Bullock, Head, 
Hematology Laboratory o f Freedm en’s Hospital, for blood 
samples and other assistance. This work has been support­
ed by the Atomic Energy Commission, A T  (30-1)-892.
some measurements made in our biophysics labo­
ratory on the transport of phosphorus across the 
red blood cell membrane in normal and sickle cell 
anemia blood samples in vitro as measured with 
radioactive phosphorus (P32) as P 0 4. Preliminary’ 
data reported earlier on the initial experiments in 
this group indicated that there was a quantitative 
difference in the statistical means for normal and 
sickle cell anemic blood.4
M A TER IA LS AN D  M ETH O D S
Blood samples were obtained from the Hema- 
tology Clinic of Freedmen’s Hospital. Samples
T a b le  1. P H Y S IC A L  A N D  C H E M IC A L  P R O P E R T IE S  
O F S IC K L E  C E L L  BLO O D
I. Cells
A. General
1. Shape and size
2. Electrophoretic behavior
3. Optical studies—'microspectrometry, birefringency
4. Energy utilization
5. Thermal properties: specific heat and heat of
compression
6. Osmotic pressure
B. The Membrane
1. Electron microscopy studies
2. Permeability to various substances
3. Attachment o f hemoglobin molecules
4. Fragility—lysis
5. Enzymes and enzyme systems
6. Composition
C. The Interior
1. Hemoglobin
a. Ultracentrifuge studies
b. Electrophoretic studies
c. X-ray crystallographic studies
d. Solubility
e. Amino acid composition
f. V iscosity
g. Dissociation constants
h. Oxygen dissociation curve
i. Buffering capacity
j. Optical studies
k. State within the cell
l. Distribution o f various hemoglobins
2. Other Constituents
a. Identification and amounts
b. Enzyme systems
3. Metabolism 
II . Plasm a
A. Composition
B. Electrophoretic studies of protein constituents
C. Viscosity
D. Enzyme systems
E. Osmotic pressure
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from hematologically normal patients or staff 
members were also taken. The samples were 
grouped according to their origin as sickle cell, 
sickle cell trait, or normal. Approximately twenty 
ml. of blood w^ ere drawn into brown bottles con­
taining two mg. of sodium heparin. Two ten ml. 
samples were then transferred to Warburg vessels, 
without center wells, and to each solution of nor­
mal saline (0.5 ml.) containing approximately 1 
microcurie of radioactive phosphate as PO4 was 
added. The steps in handling the samples are out­
lined in the flow sheets. The flasks were placed 
in the Warburg thermostat at 37.5 °C . They were 
flushed with oxygen for two minutes, closed and 
shaken at the rate of 60 oscillations per minute 
for four hours. The samples were removed and 
centrifuged. The plasma was drawn off and the 
red cells were washed carefully three times with 
normal saline. The steps in the handling of the 
red blood cells and the plasma are summarized in 
the flow sheets. In general the phosphorus was de­
termined by the method of Fiske and Subbarrow.3 
As indicated in the flow sheets, the radioactivity 
of a sample was determined by counting a sample, 
dried under an infrared lamp, in a small metal 
salve box. The determinations were made on a 
Nuclear of Chicago, model 172, scaling unit with 
an end window Geiger Muller tube, 3.2mg/Cm2. 
Each sample was counted for at least three one
minute intervals and the counts averaged. The 
basic data in this study are the specific activities 
expressed as counts per mg. of phosphorus.
Three different phosphorus samples in the cell 
are reported in this paper: The total phosphorus, 
the acid soluble phosphorus, and the inorganic 
phosphorus. In Tables 2-4 are listed the results for 
these three groups of compounds. The quantity 
listed is the ratio of specific activity of the plasma 
to the specific activity of the red blood cell.
When this ratio is large it means that more of 
the radioactive phosphorus remains in the plasma. 
If this ratio were equal to one, equilibrium between 
the two phosphorus functions would have been 
achieved between the plasma and the red blood cell.
In order to discuss these data we shall need the 
quantities of phosphorus in the plasma and red 
blood cells. Our determinations are in Table 5.
D ISCU SSIO N
The data for all fractions in Tables 2-4 reveal 
that the specific activity of the phosphorus in the 
plasma is greater than that for the red blood cell 
and therefore no equilibrium has been reached. 
The mean of the ratios for sickle cell anemic blood 
is without exception greater than that for the nor­
mal blood. The trait is so close to normal that 
statistically they may be taken as equal although 
there is a small difference which has persisted in
F L O W  SHEET 1 
Whole Blood
Add p52 
i ncubate 
4 hrs.
1 ml. di1uted 
to 10 ml.
Centri fuged
b i1uted Whole Blood
plasma Red Blood Cells
i  i
_____________ ________________ Flow Sheet III Flow Sheet II
I ml dried I ml digested 
lin tin box with 5NHoS0h 
(H202
p32 determined
Wash into volumetric 
flask and do color 
determi nation
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T a b le  2.— R A T IO S FO R T O T A L  P H O SP H O R U S 
(E X P T . A)
Normal Blood 
Sickle cell trait 
Sickle cell anemia
No.
9
8
9
Mean
1.69
1.70 
2.18
Range
1.26-2.06
1.24-2.55
1.78-2.83
Standard
Deviation
0.103
0.168
0.144
T a b le  3.— R A T IO S FO R  A C ID  S O L U B L E  P H O SP H O R U S 
(E X P T . A)
No. Mean Range
Standard
Deviation
Normal Blood 9 2.42 1.78-2.84 0.31
Sickle cell trait 8 2.80 1.92-2.93 0.66
Sickle cell Anemia 9 3.48 1.17-3.77 0.10
T a b le  4.— R A T IO S FO R  IN O R G A N IC  P H O SP H O R U S 
(E X P T . B )
Standard
No. Mean Range Deviation
Normal Blood 3 1.64 1.38-2.05 0.35
Sickle cell trait 0
Sickle cell anemia 5 2.87 2.34-3.41 0.49
two groups of experiments.4 In our opinion the 
data on the inorganic fraction is the most signifi­
cant for this study since the radiophosphorus was 
introduced into the plasma as inorganic phos­
phorus. The low rate of synthesis in the red blood 
cell results in little production of organically 
bound phosphorus. Thus, the radioactivity in the 
acid soluble and the total is almost exclusively 
due to the inorganic. Determinations of the radio­
activity of other organic fractions not included in 
the organic soluble fraction, e.g. the phospholipid 
gave a specific activity in one sample for the
T a b le  5.— Q U A N T IT IE S  O F P H O SP H O R U S IN  T H E  
BLO O D  IN  M IL L IG R A M S  P E R  100 M IL L IL IT E R
Total Phosphorus Inorganic Phosphorus
Normal
Plasm a 22.25 2.28
Red Blood Cells 102.36 3.24
Sickle cell anemic
Plasma 20.05 2.22
Red Blood Cells 89.72 10.19
plasma of 0.047 and for the red blood cell 0.002 
while the organic of the plasma read 6.12 and 
that of the red blood cell 4.09. A slight contami­
nation could alter these values disastrously, hence 
we have not considered them.
The inorganic phosphorus sample reveals that 
in these patients every normal value is below every 
sickle cell value. The ratio for the largest normal 
is 2.05, for the smallest sickle cell anemic it is 
2.34. These results suggest that a slower equili­
bration rate of the inorganic phosphorus in com­
parison with the normal is characteristic of sickle 
cell anemia. This interpretation must be examined, 
however, in the light of the data in Table 5 which 
shows that there is over three times as much inor­
ganic phosphorus in the red blood cell as there is 
in the plasma. This result can be believed as re­
porting the true value of the inorganic phosphorus 
following our chemical methods or that the meth­
ods employed lead to a hydrolysis of labile phos­
phorus compounds in the sickle cell anemic rbc, 
compounds that are more resistant in the normal. 
We have, on the other hand, additional data in the 
total phosphorus samples, Table 2, where the
FLOW SHEET 2
Red Blood Cells
Wash three times 
by suspending 
in 0.9$ NaCI 
solution (Cold). 
Then set in deep 
freeze to hemalize.
HemaIi zed Cells
* I ml. diluted
____________________________________ to 10 ml.
5 ml. transferred to
30 ml. flask with ... ... .................
washings. Add 5 ml. Pi luted Red Blood Cel Is
of 20$ Trichloroacetic 
Acid. Make up to 2^ ml. 
f iIter. 1 ml digested 
with 5N 1 ml. dried
HgSO^ (H202 ) in tin box
52
p determined
j________________________________ _______  Wash into volumetric
__[______ I Flask and do color
F iItrate Ppt. Proteins determination
Flow Sheet IV
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FLOW SHEET 3 
Plasma
Mix 5 ml o f 
plasma w ith  
20 m l. o f  I0£ 
T r ic h lo ro a c e t ic  
ac id
F i I t r a t e  P p t. P ro te in s
Flow Sheet IV
larger plasma to rbc specific activities in the sickle 
cell anemic case are also found.
An important ratio calculable from our data 
may be introduced here. It is the fraction of total 
phosphorus found within the cell at the end of 
the four hour period. This ratio is for the total 
phosphorus
(P  o f cells) X (S .A . cells)
(P  o f plasm a) (S .A . plasma) -f- (P  of cells) (S .A . cells)
I m l. d ilu te d  
to  10 m l.
D ilu te d  Plasma
1 ml d ried  
. in t i n  box
l m l. d igested  
w ith  5N 
H2S0i^H202
?yd determined
Wash in to  V o lu m etric  
f la s k  and do c o lo r  
d e term in a tion .
where P stands for phosphorus and S.A. is the 
specific activity. Dividing numerator and denomi­
nator by (S.A. cells), which is the specific activity 
in Table 2, we have the data for the normal in 
Tables 2 and 5,
_________102.34_________ =  7
22.75 X 1.69 +  102.36 ’
while for the sickle cell anemic
8^.72_________
20.04 X 2.18 - f  89.72 ~'
FLOW SHEET 4 
F i I t r a t e
8 ml. measured in to  10 ml. 
vo lum etric  f la s k  brought to  
fa in t  pink using Phenol-  
ph tha le in  and NaOH. D ilu te  
to  mark, shake w e ll ,  and 
tra n s fe r  to  15 m l. c e n tr ifu g e  
tube. Add 0.1 m l. o f C a r r r ie r  
and 5 m l. o f CaCI2-Caf0H)2 
reagent, a llo w  to  se t fo r 10 
m in ., c e n tr ifu g e .
I m l. tra n s fe rre d  to  
vo lum etric  fla s k
do c o lo r  determ ination
l------------------
Ppt Fi l l r a te
Wash tw ice  w ith  d i lu te  d iscard 
reagent used above.
D iscard  washings and 
d ra in  by in v e rt in g  on 
f i l t e r  paper. To 
drained pp t. add s u f f i ­
c ie n t  normal l^SO^ to  
pp t. ca lc ium , make up to  
5 m l . )  c e n tr ifu g e
F i I t r a t e
I ml. d ried  
in t in  box d iscard
determined
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That is the normal takes up 73 per cent of the 
total radioactivity; the sickle cell anemic only 65 
per cent. This ratio shows that independent of the 
conclusion with respect to the inorganic phos­
phorus determinations, the normal cell takes up 
slightly more of the radioactivity from the solution 
than the sickle cell anemic although the difference 
is not as impressive as the inorganic fraction ratios. 
The value are sufficiently close, however, 73 versus 
65, to account for some of the references in the 
literature which state that the sickle cell and nor­
mal rbc take up the same amount of radioactivity 
from a phosphate solution containing P32. This 
study reveals that although such a conclusion is 
technically correct, it exhibits a most insensitive 
experimental technique.
These data are consistent with the results re­
ported by Taylor, et al,7 that approximately l/3 of 
the P32 remains in the plasma after four hours of 
incubation at 37.5 °C. We do not find, however, 
that the specific activity of the inorganic phos­
phorus within the cell ever equals that of the 
plasma which they report.
Our data support a mechanism for the transport 
of the P 0 4 across the red cell membrane which is 
relatively independent of the concentration of the 
inorganic phosphorus within the cell inasmuch as 
the higher concentration in the sickle cell anemia 
rbc does not lead to a more rapid interchange of 
the PO46.
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Studies of Sickle Cell Anemia
II. Phosphatase Activities in Normal and Sickle Cell Anemic Blood
F r e d e r i c k  P e c k , M.D., a n d  H e r m a n  B r a n s o n , P h .D .  
Biophysics Laboratory, Department of Physics, Howard University 
Washington, D. C.
SINCE it has been demonstrated experimentally through the use of radioactive P32 that the 
erythrocyte of the individual with sickle cell 
anemia exhibits a prolonged turnover time for 
phosphorus thereby utilizing inorganic phosphorus 
less rapidly than the erythrocyte of the normal 
individual,1 it has become of interest to investigate 
the enzymes in the plasma which render inorganic 
phosphorus available to the erythrocyte through the 
process of splitting phosphoric esters present in 
the plasma. The point of question in this under­
taking centered about the probability of decreased 
enzymatic activity in the sickle cell plasma making 
less inorganic phosphorus available to the sickle 
cell erythrocyte and accounting for a diminution 
in uptake and increased turnover time.
m a t e r i a l s  a n d  m e t h o d s  
For this investigation, a comparative study was 
made in 20 individuals, 12 whom were normal, 
and 8 of whom had been diagnosed as having 
sickle cell anemia. The age range was 8-14 years.
The enzymes in human plasma are largely mono­
esterases acting upon monophosphate esters also 
present in plasma. The capacities of the phos­
phatases to attack ^-glycerophosphate, inorganic 
pyrophosphate, 1-glucosephosphate, and 6-glucose- 
phosphate are relatively the same.2 All of the 
enzymes which attack phosphoric esters have been 
designated phosphotases and have been divided 
roughly into two large groups on the basis of pH 
optimums at which they perform. One of these 
groups exhibiting a maximum activity at a pH 
level of 9.2-9.6 has been labelled alkaline phos- 
photase and conversely another large group ex­
hibiting a peak activity at a pH level of 5.0-6.0 
bears the designation acid phosphotase. It must be 
borne in mind, however, that the pH of blood is 
7.35-7.45 normally and all of these enzymes while 
in the plasma perform at this pH level and may 
show activity levels different from in vitro studies. 
/?-l glycerophosphate was chosen for the substrate 
and prepared after the method of Shinowara,
Jones and Reinhart.4 The substrates were adjusted 
to pH optimums of 9.3 for the alkaline phosphate 
and pH of 5.0 for the acid phosphatase. For the 
determination after the method of Bodansky,5 5 
ml of whole blood were collected in a centrifuge 
tube and allowed to clot at room temperature. The 
blood was then centrifuged twice and the serum 
taken off for determination. Nine ml. of substrate 
were placed in a Warburg flask and placed in the 
Warburg apparatus and allowed to equilibrate at 
37.5 °C. To this was added 1 ml. of serum and 
then incubated for one hour. Near the end of 
incubation period, a control sample was run by 
the same procedure save for the incubation. At the 
end of one hour both samples and control were 
cooled in ice water and 2cc of 30 per cent trich­
loroacetic acid were added and allowed to stand 
for five minutes. Through a low ash filter the 
precipitated proteins were removed and 8 ml. of 
filtrate were used for inorganic phosphorus deter­
mination. Using the technique of Fiske and Sub­
barrow6, inorganic phosphorus in the whole 
8 ml. diluted with distilled water was used to 
minimize errors.7 The phosphatase activity is ex­
pressed in units of Bodansky, which is simply the 
expression of the number of milligrams of inor­
ganic phosphorus split from /^-glycerophosphate 
and obtained by taking the difference between in­
organic phosphorus in the incubated sample and 
control sample. Utilizing the aforementioned pro­
cedure the following data were obtained:
T able  I .—A L K A L IN E  P H O S P H A T A S E  A C T IV IT Y  
IN  B O D A N S K IE S
No. Range Average
Normal 16 1.46- 9.80 5.44
Sickle cell anemia 8 3.87-22.44 11.20
T a ble  I I .— A CID P H O S P H A T A S E  A C T IV IT Y
IN B O D A N S K IE S
No. Range Average
Normal 12 0-2.22 1.20
Sickle cell anemia 5 0-2.46 0.97
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D ISCU SSIO N
Alkaline phosphatase is formed in the bone 
marrow and disposed of in the liver. An elevation 
of alkaline phosphatase is seen in obstructive and 
hepatogenous disease of the liver as well as in 
certain neoplastic diseases of the bone marrow. 
The bone age of the individual and rate of calci­
fication influence alkaline phosphatase activity, the 
average for adults being 2.7 Bodanskies (1.5-4.0 
Bodanskies), and for growing children 8.0 Bodan­
skies (5-12 Bodanskies).
SU M M A R Y
1. These studies give an average value of 11.20 
Bodanskies for sickle cell alkaline phosphatase 
activity against 5.44 Bodanskies average for nor­
mal patients. These data suggest that in the usual 
sickle cell case there is serious involvement of the 
areas producing alkaline phosphatase. Elevated 
alkaline phosphatase is not a specific characteristic 
in sickle cell anemia, however, inasmuch as some 
of the normal samples have higher values than
some sickle cell samples.
2. In spite of the marked fluctuation in the 
sickle cell acid phosphatase determinations, they 
support the conclusion that there is no significent 
difference between the normal samples and the 
sickle cell anemic samples.
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Studies of Sickle Cell Anemia
UK. Plasma Proteins in Normal and Sickle Cell Anemia Blood
Louis G. S w a b y , M.S. a n d  H e r m a n  B r a n s o n , Ph .D. 
Biophysics Laboratory, Department of Physics, Howard University 
Washington, D. C.
A S the final study of this group we report our preliminary work on an electrophoretic 
analysis of the plasma proteins. According to 
Krebs1 90 substances have been distinguished in 
the human plasma. In a severe hemolytic condition 
such as sickle cell anemia it would not be astute, 
then, to inquire if any of these differ significantly 
in amounts or characteristics from the normal. We 
chose for our initial investigation the relative con­
centrations and mobilities of the protein fractions, 
for close interrelations are often imputed between 
the plasma proteins and the proteins of the red 
blood cell.
M A TER IA LS A N D  M ETH O D S
For this study an Aminco-Stern portable electro­
phoresis apparatus was used. Samples of normal 
and sickle cell blood were obtained from the 
Pediatrics Ward at Freedmen’s Hospital.
The plasma obtained was diluted one part to 
two parts of buffer and then dialysed against the
same buffer for 24 hours at 2°C . The buffer used 
was sodium veronal (NaV-HV) of 0.1 ionic 
strength and a pH of 8.6. Electrophoresis was 
carried out in a standard clinical cell of 11 cc. 
capacity with a current of 10 ma passing through 
for a period of from one to two hours. The differ­
ence of potential across the cell is about 1000 volts. 
A Shedlovsky cell was used to determine the con­
ductivity of the protein solution for the calculation 
of the mobilities. The cell was standardized with 
KCI.
The Aminco-Stern apparatus translates through 
its optical system the differences in the densities 
of the protein solution into an interpretable light 
pattern which is recorded on a photographic film. 
At pH 8.6, the proteins of the plasma are all 
negatively charged. Under the action of the electric 
field supplied by the apparatus the column of 
protein molecules moves towards the anode. The 
fastest moving component will move ahead and 
the slowest will bring up the rear. Thus, for
Fig. 1. The electrophoresis apparatus in use. The clinical cell is standing on the cover to the
left of the thermostated bath.
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plasma the leading component is albumin, the 
final is gamma-globulin. We may measure, there­
fore, how far the component moves in a given 
time. Moreover, the optical system gives a pattern 
in which each peak represents a component and, 
most significant, the area under each peak is pro­
portional to the percentage of that component in 
the protein mixture.
Figure 1 is a picture of the apparatus with the 
clinical cell used for the pattern. In Figure 2 is 
the pattern of a normal plasma sample. The area 
under each of these curves has been measured with 
a planimeter. By noting the starting point the 
speed with which the component moves is easily 
calculated. The speed is dependent upon the 
molecular size and the number of surface charges. 
Albumin moves fastest both because of its rela­
tively low molecular weight (70,000) with respect 
to the globulins (molecular weight 180,000) and 
the fact that albumin has more charges per mo­
lecule.
The mobility measured here is defined as the 
velocity of an average protein molecule in unit 
electric field in the body of the protein solution. 
If Ax is the distance moved in gamma seconds and 
the electric field is E, then mobility =  A x /t.
E
From the conductivity of the solution and the 
current passing through the cell, we get E =  i/gk, 
where K  is the conductivity and g the cross section 
of the cell. Substituting in the equation gives u =  
Ax gk. In this instrument the distance is magnified
it
two times on the film so the final equation used 
was u =  (A xgk/2 it) cm2 volts -1 sec -1.
The percentage concentrations were calculated 
from the areas under the curves obtained. The 
area under each peak is proportional to the con­
centration of the component forming the peak, 
that is C =  KA where C is concentration A is 
area and K  is some constant, which is approxi­
mately the same for each component. In this 
calculation it is assumed that each protein com­
ponent has the same refractive power. Then if A 
is the total area under the curve and Ai the area un­
der the ith peak the per cent concentration of Ai in 
solution is Ai x 100.
~ A
The electrophoretic mobilities and per cent con-
Fig. 2. The electrophoretic pattern for fresh pooled 
human blood run at pH 7.3 ionic strength 0.01. The 
mobility of the albumin is 5.08 x 10'5. At this pH the 
gamma globulin moves so slowly that it is not separated 
from the delta peak. This pattern cannot be used then 
for determining relative concentrations.
R E S U L T S
Sickle cell Anemia M O B IL IT IE S  X 105
Stand.
Sample 1 2 5 4 Mean Dev.
Albumin 8.30 6.9 7.5 8.09 7.69 0.63
Alpha Globulin 5.98 5.05 5.68 5.57 5.57 0.39
Beta Globulin 4.08 3.44 3.82 3.65 3.75 0.28
Gamma Globulin 0.77 0.61 0.91 0.96 0.81 0.16
Fibrinogen 2.58 2.18 2.64 2.22 2.41 0.24
centrations are shown below along with samples 
of the patterns obtained.
An experiment to determine the variation of 
mobility with pH was performed on a sample 
of normal and a sample of sickle cell plasma. 
Michaelis’ universal buffer7 was used. The data
this buffer.
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Normal Plasm a M O B IL IT IE S  X 105
Sample 1 2 3 4 5 6 7 Mean
Stan.
Dev.
Albumin 6.65 7.15 6.53 6.39 6.45 6.30 6.10 6.51 0.33
Alpha Globulin 4.82 5.02 4.58 4.66 4.67 4.50 4.39 4.66 0.21
Beta Globulin 3.31 3.46 3.26 3.46 3.26 3.15 3.20 3.30 0.29
Gamma Globulin 0.64 0.81 0.91 0.91 0.89 0.90 0.80 0.84 0.24
Fibrinogen 2.35 2.28 2.44 2.29 2.34 2.25 2.24 2.31 0.07
The mobilities of the albumins differ significantly at about the 0.5% level, and of the alpha globulins
well below this level.
Sickle Cell Relative Concentrations
Sample 1 2 3 4 Mean
Stand.
Dev.
Albumin 63.7 61.3 63 68 64 2.9
Alpha Globulin 9.1 6.45 10.3 8.16 8.5 1.6
Beta Globulin 9.1 9.67 12.9 8.16 9.96 2.1
Gamma Globulin 12.49 19.35 13.8 10.88 14.13 3.7
Fibrinogen 5.68 3.23 4.9 4.6 —
Normal Plasm a Relative Concentrations
Sample 1 2 3 4 5 6 7 Mean
Stan.
Dev.
Albumin 62.75 57 53.25 52 56 57.8 60 56.97 3.7
Alpha Globulin 10.9 11.9 9.5 7.4 12.45 7.7 8.8 9.8 2.0
B eta Globulin 10.9 10.35 13.2 9.2 7.8 11.5 8.8 10.25 1.8
Gamma Globulin 10.9 15.5 24.1 24.7 18.67 19.4 19.1 18.91 4.8
Fibrinogen 4.55 5.18 — 6.18 5.17 3.85 3.7 4.77 —
Students “ t”  test indicates the albumin concentrations to be significantly different 
level. The concentrations o f the other components are not significantly different even
at about the 1% 
at the 5% level.
A /G  Ratios
Sickle cell Normal
Range 1.59 — 2.10 Range 1 .08— 1.70
Average 1.78 Average 1.325
are inadequate in number but they reveal that at 
the same pH below the isoelectric point in this 
buffer, the sickle cell albumin has a greater nega­
tive mobility than the normal, (Fig. 3 ). This 
difference is considerably less than the average 
difference found at pH 8.6, but it is in the same 
direction. Alberty8 reported that in 0.01 M N aCl 
the isoelectric point of human serum albumin is 
pH 4.8.
SU M M A R Y  O F  DATA
These data indicate that the plasma of sickle 
cell patients in this study differs from that of nor­
mal subjects in the following ways at pH 8.6:
1. The albumin of sickle cell plasma has a 
mobility of 7.69 while that of normal plasma 
has a mobility of 6.51 cm2 - volt*1 sec*1.
2. Alpha globulin of sickle cell plasma has a 
mobility of 5.57 and normal alpha globulin 
4.65 cm2 volt*1 sec*1.
3. The relative concentration of albumin in 
sickle cell plasma is 64 per cent and that of 
normal plasma is 56.97 per cent.
4. The relative concentration of gamma globu­
lin of sickle cell plasma is 14.13 per cent 
and in normal plasma is 17.48 per cent.
5. The ratio of albumin to globulin in sickle 
cell is 1.78 and in normal plasma is 1.325.
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The greater mobility of the albumin of sickle 
cell anemia plasma could be attributed to a larger 
number of negative charges on the albumin mole­
cule or to the binding by the albumin of small 
negative ions which are not dialyzed off during 
the 24 hour period of dialysis. According to Paul­
ing et al, the hemoglobin of sickle cell anemia has 
two to four more net positive charges per molecule 
than normal hemoglobin.1
Albumin-globulin ratio for normal blood is less 
than that reported by Krebs.3 It is consistent with 
one segment of the data of Rawnsley et al,4 who, 
although employing techniques different from 
ours, report finding consistently higher mean con­
centration of gamma globulin in Negroes, in that 
their results also lead to a lower A /G  ratio. Our 
mean value on gamma globulin, however, does 
not differ significantly from the data on Caucasoids 
for they report a mean 18.04 and we find 18.08 
for our samples from Negroids. The smaller A /g  
ratio in our samples is a result of a larger value
for the other globulin fractions. Calculations from 
Dole’s data at 25 °C  as reported by Antweiler5 
give A /g  1.73 with a value of 60.3 per cent for 
the albumin and 11.0 ±  2.5 per cent for gamma 
globulin.
LITERATURE CITED
1. Pauling, L. et al., Science, 110, 543, 1949.
2. W hipple, G. H., Hemoglobin, Plasma Protein and 
Cell Protein; Their Production and Interchange. 
Charles C. Thomas, Publisher, Springfield, 111., 1948.
3. K rebs, H. A., Annual Review of Biochemistry, 
X IX , p. 409, Annual Reviews, Stanford, Calif., 
1950.
4. Rawnsley, Howard M., V irginia L. Y onan and 
J ohn G. Reinhold, Science, 123, 991, 1956.
5. H. J. Antweiler, Die Quantitative Electrophorese 
in Der Medizin, Springer, Berlin, Germany, 1952.
6. Gray, G eorge W., Scientific American, 185 (2 ), 
p. 56, August, 1951.
7. Gortner, R. A., Outlines of Biochemistry, 3rd edi­
tion, Wiley, New York, 1949.
8. Alberty, R. A., J. Phys. & Colloid Chem., 53, 114, 
1949.
Press of Charles C. Morchand Co., N. Y. C
